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1
F6 SINGLE LENS

BACKGROUND OF THE INVENTION

The invention relates to an f@ single lens.

Recently, a recording system utilizing a laser beam
which is intensity-modulated in accordance with a pic-
ture signal corresponding to an image pattern to be
recorded in order to scan a record medium optically to
achieve a recording of an image, finds practical applica-
tions as a printer or a receiving unit of a facsimile sys-
tem. -

The laser beam which is intensity-modulated in ac-
cordance with the picture signal is converted into a
substantially collimated beam, which then impinges
upon deflection means such as a rotating multi-facet
mirror so as to be deflected with a substantially constant
angular speed. The deflected laser beam is then incident
on an £@, which then focuses it into the recording sur-
face of a photosensitive record medium, thus optically
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scanning the recording surface in a manner correspond-

ing to the deflection. The f@ lens provides a correction
for the deflection of the laser beam which takes place at
an equal angular speed so that the focusing spot moves
at a constant speed across the recording surface. Specif-
ically, when the laser beam impinges on the entrance
pupil of the f@ lens having a focal length of f, with an
angle of @ with respect to the optical axis thereof, the
beam will be focused onto the recording surface at a
point which is displaced by a distance of f6@ from the
optical axis, the designation “f6 lens” beging derived
from such fact.

25

30

In the prior art arrangement, an f@ lens comprises a

plurality of lenses. However, if the fo lens 1s formed by
a plurality of lenses, the overall length of the f0 lens
increases, and a high accuracy is required in the combi-
nation of various element lenses.

It will be appreciated that the beam impinging on the
f6 lens has a relatively small diameter and that the beam

is deflected only in a given plane. Accordingly, the -
overall size of the f@ lens can be minimized by forming -
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the lens assembly into strip form. However, where a

plurality of lenses are used to form the {@ lens, the accu-
racy requirement imposed on the combination or indi-
vidual lenses presents a great difficulty in forming the
strip configuration.

To cope with this problem, an attempt has been made
to utilize a single lens for the f@ lens. In fact, Japanese
Laid-Open Patent Application No. 079,644/1979 and
No. 007,727/1980 propose f@ single lenses. |

In the arrangement proposed in Japanese Laid-Open

Patent Application No. 079,644/1979, an incident laser

beam has a deflection plane which forms an angle with
the optical axis of the f@ lens because of the manner of
use, and hence there results in a difficulty that a curvi-
linear locus is traced on the recording surface by the
focusing spot of the laser beam. In the arrangement of
Japanese Laid-Open Patent Application No.
007,727/1980, the lens represents a plano-convex lens,
which presents a difficulty in connection with the cur-
vature of the image surface. .

SUMMARY OF THE INVENTION

It is an object of the invention to provide an {@ lens
capable of scanning a recording surface in a rectilinear
form with a constant speed and producing an improved
correction for the curvature of the image surface.
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2

The f@ single lens according to the invention repre-
sents a meniscus lens having positive power and has its
concave surface directed toward an object. Represent-
ing the radius of curvature of the first surface or the lens
surface which is directed toward the object by R, the
focal length by f and the refractive index by n, these

‘parameters must satisfy the following requirements:

(i) 1.6=n=2.0 |

(i) —5=R/f=<—~1.7 -
~ Such F@ single lens presents satisfactory {6 character-
istic and has an improved correction for the curvature
of image surface. The single lens construction mini-
mizes the size, and also facilitates its formation in strip
form. | B -

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of the configuration
of the f@ lens of the invention, showing the end face of
the single lens as cut through a plane including the
optical axis thereof. |

FIG. 2 graphically illustrates several feature of the
invention. | |

FIG. 3 graphically illustrates several other features of

the invention. o
FIGS. 4 to 9 are graphically illustrations of aberra-

tions of a first, a second, a third, a fourth, a fifth and a

six embodiment of the invention, respectively.

" DESCRIPTION OF EMBODIMENTS

The f8 single lens of the invention represents a single
meniscus lens as shown in FIG. 1 having its concave
surface directed to an object or to the left, as viewed in
FIG. 1. As shown, the radius of curvature of a first
surface is represented by R}, the radius of curvature of
a second surface by Rj and the separation between the
lens surfaces as taken on the optical axis by d. |

The {6 lens of the invention must satisfy the following
requirements: I

(i) 1.6=n=2.0

(@) —-S=ERy/t=-—-17
~ where f represents the focal length and n the refractive

index of the lens. -_ |

The requirement (i) must be satisfied by the lens mate-
rial. If the lower limit is exceeded, it becomes difficult
to satisfy the requirement of the image surface and {6

characteristic, to be described later, simultaneously. If

the upper limit is exceeded, there is little glass material
which can be used. |
The significance of the requirement (i) will be de-
scribed next. The term “f@ characteristic” is known as a
quantity which is defined as follows: '

£ characteristic=H(8)—£.6/£.6 X 100

where 0 represents the angle of incidence of a beam
onto an @ lens, and H(8) a corresponding height of an
image. In other words, the f chacteristic signifies a
deviation from an ideal f@ characteristic, in percentage.
For an ideal f8 lens, H(8)={.8 for every angle of inci-

dence, and the f@ characteristic is equal to zero. Thus,
the closer f@ chacteristic of the F6@ lens to zero, the

closer the f@ lens to an ideal construction.

Permissible values of f@ characteristic which allow
the f@ lens to function in its intended manner depend on |
the kind and size of originals, the end use of the resuit-
ing record image and other factors. This will be more

specifically described.
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Considering a recording on a record sheet of A4 size,

for example, which represents a most general applica-
tion, 1t may be assumed that the distance over which the

main scanning takes place is equal to 210 mm whichisin

turn equal to the length of the short side of the A4 size.
A displacement in the location of the image formed on
the order of +0.7 mm in the direction of the main scan-

ning produces a distortion in the resulting recorded

image which is hardly perceptible. Accordmgly,
+0.7-+(210/2) X 100 = £0.67%

~ can be chosen as a measure for the perm1551ble value of

the f@ characteristic.

Therefore, by choosing a suitable lecatlon ‘being
scanned where the displacement of the image 1s zero so
that the displacement of the image location occurs in
the positive and the negative direction therefrom, it 1s
possible to achieve a permissible value for the {6 charac-
teristic for the entire angle of deflection which is on the
order of 1.34%.

FIG. 2 shows the value of f@ characteristic as a func-
tion of R1/f, namely, the ratio of the radius of curvature
R to the focal length f of 2 meniscus lens as shown in
FIG. 1, with the re.iactive index n being chosen as a
parameter. In FIG. 2, curves 2-1, 2-2 and 2-3 corre-
spond to n=1.6, n=1.8 and n=2.0, respectively. It is
presumed that the maximum value of the deflection
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of a=10% results in a value of Z, which is equal to
+35.7 mm.

For a single lens having a positive power, the curva-
ture of image surface always assumes a negative value,
and hence a measure for the curvature of the image
surface will be 11.4 mm which corresponds to the de-
scribed value of Z.

FIG. 3 graphically iliustrates the maximum curvature
of the image surface at an maximum deflection angle of
21° as a function of Fi/f as a variable, with b being
chosen as a parameter. In FIG. 3, solid line curves rep-
resent the curvature in the sagittal plane while broken
line curves represent the curvature in the meridional
plane. The value of parameter n is equal to 1.6 for
curves 3-1 and 3-11, to 1.8 for curves 3-2 and 3-12, and

to 2.0 for curves 3-3 and 3.13. In order for the curvature

~ in the sagittal plane to be not greater than 11.4 mm for
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angle is chosen to be 21°, and the {0 characteristic

shown corresponds to such maximum value.

A horizontal phantom line shown in FIG. 2 repre-
sents the perimissible value 1.34% of the @ characteris-
tic, which intersects with the curve 2-1 at Rj/f=~—1.7.
Since the magnitude of f@ characteristic must be less
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than this value, the f@ lens which satisfies the require-

ment (i) must also satisfy the following inequality:
Riy/f=—-17 | |

This determines the upper limit defined in the require-

ment (11).

In order for the f@ lens to function properly, the
image plane must be flat. The flatness of the image plane
can be characterized by the curvature of i image surface.
As is recognized, the curvature of the image surface can
be separately considered in sagittal and meridional
planes The permissible values for the curvature of the
image surface can be converted into corresponding
permissible values for a change in the diameter of the
spot. As is well recognized, a laser beam has a cross
sectional intensity distribution which is of Gaussian
type. When a laser beam is focuced with a lens or others,
its region of minimum diameter is referred to as “beam
~ waist”, the radius of which is usually denoted by Wo.
The radius of the beam, W(Z), at a distance of Z from
the beam waist can be expressed as follows:

W(Z)=WgV | +(A\Z/7T W)

tion.

value of Wy, the corresponding value of Z can be calcu-
lated as follows

a={W(Z)/Wg— 1}2 100

7 = +7WqldVi0k(a/100+2)

When the line density is equal to 300 dots/inch, the
diameter of the spot is normally on the order of 100
micrometer. Hence, when He-Ne laser producing a

where A represents the wavelength of the laser radia-

Assuming an increase in the dlameter of a% from the
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radiation of A=632.8 nm is used, the permissible value

n=1.6, it is necessary that R;/f= —5. This determines
the lower limit of the requirement (ii). |
Six examples are indicated below. In each instance,
f=300 mm, deflection angle is equal to *+21°, F/100,
and T is a distance between the first lens surface and the

entrance pupil.

EXAMPLE 1
Ri = —510 Ry = —134,022 n = 1.600
T = —81.0 |

d = 10.0

Corresponding aberration is graphically shown in
FIG. 4. |

EXAMPLE 2
Ry = —510 Ry = — 164.622 n= 1.800
T = —94.0 d = 10.0 .

Corresponding aberration is graphically shown in
FIG. 5. |

| ~ EXAMPLE 3
W
Ry = —1000 Ry = —153.114 n = 1.600

Corresponding aberration is graphically ‘shown in

FIG. 6. o _
D EXAMPLE 4 -
e
| Ry = —1000 "Ry = —194.409 n = 1.800 |
T = —106.0 d = 10.0

Corresponding aberratlon i1s graphically shewn in
FIG. 7.

EXAMPLE 5
Ry = —1500 Ry = —161.116 n = 1.600

d = 10.0

CorreSpondmg aberratlon is. graphlcally shown 1n
FIG. 8.



4,695,132

5
EXAMPLE 6
R{ = —1500 Ry = —207.510 n = 1.800
T = —111.0 d = 10.0 5

w

Corresponding aberratxon 1S graphlcally shown 1n

FIG. 9. |
It will be noted that in each example, the aberratlon 1S

favorably corrected. 10

What is claimed 1s:

1. An {6 single lens having an optlcal axis used with a
laser beam source providing a laser beam through an
entrance pupil on an object side of the lens on said ;s
optical axis for focusing the laser beam, comprising a
meniscus lens having a positive power with a concave
first surface directed toward the object side and satisfy-
ing the following: |

- (1) 1.6=n=2.0

(i) —5=R1/f=-1.7

(iii) —0.21=T/nf= ~0.16
wherein R1 represe~ts the radius of curvature of the
first surface, f the focal length, n the refractive index,
and T the distance between the first surface of the lens 35
and the entrance pupil to said lens along the optical axis.

2. An f0 single lens according to claim 1 having val-
ues of =300 mm, a deflection angle of =21° and F/100

and wherein
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Ry = -—-134022
d = 10.0

—510

Ri = n = 1.600
T = —-810 -

3. An f0 single lens according to claiin 1 having val- 35
ues of f= 300 mm, a deflection angle of =21° and F/100

and wheremn

Ry = —164.622
d = 10.0

— 3510

R = n = 1.800
T = =940 |

4. An 6 single' lens according to claim 1 having val-
ues of f==300 mm, a deflection angle of ==21° and F/ 100

and whereln 45

Ry = —153.114 n = 1.600

d =100 .

Ri = — 1000
T = —91.0

5. An @ single lens according to claim 1 .having val- >

ues of f=300 mm, a deflection angle of 21° and F/100
and wherein |

Ry = —194.409 33

n = 1.800
d = 10.0 -

6. An @ single lens according to claim 1 having val-
ues of =300 mm, a deflection angle of 21" and F/100

and wherem
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R; = —161.116
d = 10.0

R| = 1500 n = 1.600

T = —940

7. An f@ single lens according to claim 1 having val-
ues of F=300 mm, a deﬂectlon angle of =21° and

F/100 and wherein

Ry = —207.510 - n = 1.800

d = 10.0

— 1500
—111.0

R
T

8. In the recording device of claim 1, said lens having
values of =300 mm, a detlection of +=21° and F/100

and wherein

Ry = ~—134.022
d = 10.0

—310

Ry = n = 1.600
T = —81.0 |

9. In the recordirig device of claim 1, said lens héving
values of f=300 mm, a deflection angle of =21° and
F/100 and wherein

—3510

T = —94.0

n = 1.800
d = 10.0 -

10. In the recording device of claim 1, said lens hav-
ing values of f=300 mm, a deflection angle of 21" and

" F/100 and wherein

Ry = —153.114
d = 10.0

— 1000

Ri = n = }.600
T = -91.0 . |

11. In the recording device of claim 1, 1 having val-
ues of f==300 mm, a deflection angle of =21° and F/100

and wherem

M
Ry = —1000 Ry = —194.409 n = 1.800
T = —-1060 d = 100

ﬂ_—._” '

12. In the recording device of claim 1, said lens hav-
ing values of f=300 mm, a deflection angle of +21°and

F/100 and wherein

| |
Ry = —1500 R; = 161.116 n = 1.600
T= —94.0 d = 10.0

M

13. In the recording device of claim 1, said lens hav-
ing values of F=300 mm, a deflection angle of +21

and F/ 100 and wherein

A —
Ry = —1500 Ry = —207.510 n = 1.800

T= ~1110 d = 10.0
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